The sensitivity of the LHC experiments to the Standard Model Higgs using H → τ τ → l + l − / p t associated with one high P T jet in the mass range 110 < M H < 150 GeV/c 2 is investigated. A cut and Neural Network based event selections are chosen to optimize the expected signal significance with this decay mode. A signal significance of about 6.6 σ can be achieved for M H = 120 GeV/c 2 with 30 fb −1 of integrated luminosity for one experiment only. With this approach, experimental issues related to tagging forward jets and to the application of a central jet veto are simplified considerably.
Introduction
In the Standard Model (SM) of electro-weak and strong interactions, there are four types of gauge vector bosons (gluon, photon, W and Z) and twelve types of fermions (six quarks and six leptons) [1, 2, 3, 4] . These particles have been observed experimentally. At present, all the data obtained from the many experiments in particle physics are in agreement with the Standard Model. In the Standard Model, there is one particle, the Higgs boson, that is responsible for giving masses to all the particles [5, 6, 7, 8, 9, 10] . In this sense, the Higgs particle occupies a unique position.
Prior to the end of the year 2000, the Higgs particle was not observed experimentally. After the center-of-mass energy at the LEP accelerator of CERN reached 205 GeV in 2000, excess candidates began to show up in the Standard Model Higgs analysis in the ALEPH experiment, consistent with a Higgs mass, M H , around 115 GeV/c 2 [11, 12] .
One of the most exciting prospects for the LHC is confirming or rejecting the first possible experimental evidence for the Higgs particle at a mass around 115 GeV/c 2 .
The Standard Model Higgs will be produced at the LHC via several mechanisms. The Higgs will be produced predominantly via gluon-gluon fusion [13] (see left diagram in Figure 1 ). For Higgs masses, such that M H > 100 GeV/c 2 , the second dominant process is vector boson fusion (VBF) [14, 15] (see right diagram in Figure 1 ). Even for these dominant processes, the Higgs production cross-section is small. Due to the large QCD backgrounds, identifying the Higgs requires rejecting backgrounds by several orders of magnitude. The identification of the Standard Model Higgs boson with a mass around 115 GeV/c 2 is especially challenging. Here, the most promising final states involve the Higgs decays H → γγ [16, 17, 18] and H → τ + τ − [19, 20] .
In the case of Gluon-Gluon Fusion, shown in Figure 1 , the Higgs can be produced alone. However, when one of the gluons or top quarks emits a gluon, the Higgs is produced with the gluon, which is seen in the detector as a hadronic jet. When the Higgs has a significant transverse momentum the associated jet tends to be back-to-back with the Higgs in the transverse plane (for reasons of transverse momentum balance). In the case of Vector Boson Fusion, also shown in Figure 1 , the Higgs is produced with 1 at least two jets. In both cases, jets produced in association with the Higgs are most useful in the identification of the Higgs, suppressing significantly the QCD background.
Early analyses performed at the parton level with the decays H → τ + τ − → l + l − / p t associated with two high transverse momentum, P T , jets indicated that this final state can be a powerful observation mode for a Higgs mass around 115 GeV/c 2 [19, 20] . The ATLAS and CMS collaborations have performed feasibility studies for these decay modes including more detailed detector description and the implementation of initial state and final state parton showers, hadronization and multiple interactions, which has confirmed the strong potential of this final state [21, 22] . However, this approach is intimately dependent upon the ability of tagging forward jets and applying a stringent central jet veto. The application of these experimental criteria will require a level of knowledge of the detectors' response, which may not be attained during the early stages of data taking at the LHC.
In this work we have explored the prospects of observing the decays H → τ + τ − → l + l − / p t associated with one high P T jet in the final state (a different approach was assessed within the context of Higgs searches at the Tevatron [23] ). We have demonstrated that this final state enhances the potential for observing the Higgs at the LHC. Additionally, with this approach, experimental issues related to tagging forward jets and to the application of a central jet veto are considerably simplified.
Signal and Background Processes
For simplicity, we have considered only the two main Higgs production mechanisms at the LHC. Table 1 shows the cross-sections for these processes estimated for a center-ofmass of 14 TeV, as a function of the Higgs mass, in the range 110 < M H < 150 GeV/c 2 . Shown are the Next-to-Leading Order (NLO) cross-section for the gluon-gluon fusion mechanism (σ N LO gg ), as calculated by MC@NLO [24, 25] , and the Leading-Order (LO) cross-section for the VBF mechanism (σ LO V BF ), as calculated with PYTHIA6.2 [26, 27] . The proton structure function parametrization CTEQ was used to evaluate the protonproton cross-sections [28] . Table 1 also displays the Higgs branching ratio into a τ pair, B(H → τ + τ − ), as calculated with the HDECAY package [29] .
The basic experimental signature of interest consists of:
• Two oppositely charged leptons (electron or muon) with large transverse momentum.
• Large missing momentum, / p t , due to the presence of neutrinos in the final state.
• A large transverse momentum jet (tag jet).
Two relevant SM background processes are considered, which contribute to the final state specified above. and the Leading Order cross-section for the VBF mechanism, σ LO V BF , are given. The Higgs branching ratio into a τ pairs, B(H → τ + τ − ), is given in the last column.
• pp → Z/γ * + X production with Z/γ * → e + e − , µ + µ − , τ + τ − and τ → lν l ν τ .
After requiring the presence of two charged leptons and large missing transverse momentum, pp → Z/γ * + X with Z/γ * → τ + τ − → l + l − / p t process is expected to be the dominant background. The inclusive NLO cross-section of this process at the LHC yields 137 pb. A strong suppression factor can be achieved with the application of a dedicated event selection (see Sections 4 and 5).
• pp → tt+X production with t → W b, and W → eν e , µν µ , τ ν τ with τ → lν l ν τ . The NLO cross-section at the LHC yields 35.8 pb. This process is expected to display relatively large associated jet multiplicity, hence, the rejection of this background process is smaller with respect to that achieved for the pp → Zγ * + X process (see Sections 4 and 5).
The contribution from events with at least one fake lepton in the final state is neglected here, due to the large fake lepton rejection expected to be attained with the CMS and ATLAS detectors.
MC Generation
Events corresponding to the signal process with the VBF mechanism have been generated with the LO matrix element based generator provided by PYTHIA6.2. The rest of the processes under consideration (Higgs via Gluon-Gluon Fusion and the background processes pointed in Section 2) have been treated with MC@NLO, which implements NLO matrix elements consistently matched with a parton shower generator. In order to assess the impact on the production of Z associated with hard jets coming from diagrams with weak bosons in the internal lines, the MadGraphII package was used [30, 31] . This program incorporates tree-level matrix elements for the process pp → Zjj.
Higher order QCD corrections as well as effects due to off-shell tops have not been addressed here. These will be considered by the authors in future updates.
The impact of initial and final state QCD radiation, hadronization, multiple interactions and underlying event were simulated with PYTHIA6.2 and HER-WIG6.5 [32, 33, 34] , depending on the process. These MC programs were interfaced with the package ATLFAST in order to simulate the response of the ATLAS detector [35] .
Event Selection
The following pre-selection cuts have been applied: a. Require two high P T leptons in the central region of the detector (|η| < 2.5). Due to trigger requirements, an event is accepted if at least one µ (e) has P T > 20 GeV (P T > 25 GeV) or if at least two leptons are found with P T > 10 GeV for muons and P T > 15 GeV for electrons. An average 90% lepton identification efficiency is assumed. At this stage, a central b-jet veto is applied in order to suppress the contribution from pp → tt + X. Events are vetoed if a jet consistent with a b-jet hypothesis is found in the central region of the detector. An average 60% b-jet tagging efficiency is assumed in this region of the detector with rejections against c-jets and light jets of 10 and 100, respectively.
b. To suppress the contribution from pp → Z/γ * + X with Z/γ * → e + e − , µ + µ − and to further suppress pp → tt + X production a cut on the invariant mass of the leptons is applied, M ll < 75 GeV.
c. In order to reconstruct the mass of the Higgs candidate, it is assumed that the decay products of the τ 's are collinear to the τ 's themselves in the laboratory system [36] (usually referred to as the collinear approximation). The variables x τ 1 and x τ 2 are defined as the energy fraction of the decaying τ 's carried by the charged leptons. By using the conservation of the transverse momentum,
The variables x τ 1 and x τ 2 are the solution of two linear equations. The mass of the τ + τ − pair, M τ τ , can be computed as
d. The presence of at least one hadronic jet with P T > 30 GeV and |η| < 4.9 is required.
The discriminating power of various observables was examined after the application of cuts a-d. This exercise was performed for M H = 120 GeV/c 2 . In order to avoid biasses, an additional cut on the invariant mass of the Higgs candidate is applied, 110 < M τ τ < 150 GeV. 1 At this stage, the background is largely dominated by pp → Z/γ * + X production (See Table 2 ). An additional cut on the invariant mass of the τ pair, 110 < M τ τ < 150 GeV, was applied. The upper left and right plots display the P T of the Higgs candidate and the leading jet, respectively. The lower left and right plots correspond to the pseudorapidity of the leading jet and the invariant mass of the leading jet and the Higgs candidate, respectively. The solid and dashed curves correspond to Higgs production. The dotted-dashed and dotted curves correspond to the two main backgrounds considered here (see Section 2). All curves were normalized to unity. differences among processes considered here. The solid and dashed curves correspond to Higgs production via gluon-gluon fusion and VBF, respectively. The dotted-dashed and dotted curves correspond to the two main backgrounds considered here (see Section 2). All curves were normalized to unity in the ranges specified in the plots.
The upper left and right plots in Figure 2 display the P T of the Higgs candidate, P T H , and the leading jet, P T J , respectively. The distribution of P T H in pp → Z/γ * + X is significantly softer with respect to that of the other processes considered here. The lower left plot in Figure 2 corresponds to the pseudorapidity of the leading jet. Leading jets in background production tend to be significantly more central than in signal production. Large P T Z/γ * production is dominated by qg → qZ/γ * processes, in which the quark in the final state tends to be produced centrally. Higher order QCD corrections in pp → tt + X production also favor central gluon radiation. On the other ). An additional cut on the invariant mass of the τ pair, 110 < M τ τ < 150 GeV, was applied. The upper plot shows the transverse momentum of the system made of the Higgs candidate and the leading jet. The lower plot corresponds to the number of sub-leading central jets (see Section 4). The solid and dashed curves correspond to Higgs production. The dotted-dashed and dotted curves correspond to the two main backgrounds considered here (see Section 2). All curves were normalized to unity.
hand, large transverse momentum production of Higgs via gluon-gluon fusion is mostly due to initial state radiation off incoming gluons, which favors the production of more forward jets. Finally, VBF represents the t-channel exchange of two weak bosons by two quarks, which favors the production of forward and very forward jets.
The lower plot in the right in Figure 2 displays the invariant mass of the Higgs candidate and the leading jet in the event, M HJ . This variable is crucial to suppress pp → Z/γ * + X production. This variable, however, fails to efficiently suppress pp → tt + X production. Fortunately, the large jet multiplicity in pp → tt + X production not associated to the actual top decay can be used to further suppress this background process. The upper plot in Figure 3 shows the P T of the system made up by the Higgs candidate and the leading jet in the event. The lower plot in Figure 3 displays the number of sub-leading jets with P T > 30 GeV and |η| < 2, showing a qualitatively different behavior in pp → tt + X production. The application of a veto on central sub-leading jets is very efficient in further suppressing this background. It is worth noting that the probability for pp → tt + X events to survive a veto on central jets does not depend strongly on the transverse momentum cut applied on these jets.
The following additional cuts are added to the event selection:
e. Tagging jet is defined as the leading jet in the event. It is required that the tagging jet not be very central, |η| > 1. Events are vetoed in which at least one additional jet with P T > 30 GeV and |η| < 2 is reconstructed.
f. Tight cut on the Higgs candidate transverse momentum, P T H > 100 GeV.
g. Tight cut on the invariant mass of the Higgs candidate and the tagging jet, M HJ > 700 GeV.
The event selection suggested in [19, 20] involves identifying events with two jets well separated in pseudorapidity. By requiring this, the signal contribution is dominated by Higgs production via VBF, in which, at least one of the jets is a very forward one. Additionally, the authors of [19, 20] envision the application of a stringent veto on events with central jets with P T > 20 GeV. The present event selection entails a number of crucial advantages over the the event selection suggested in [19, 20] . Figure 2 , the bulk of the events display a tagging jet with |η| < 4. Therefore, in this approach there is no need to deal with very forward jets, which are challenging to identify and calibrate at the LHC. Moreover, the present event selection entails the presence of a very large P T jets, which identification and calibration is significantly easier.
As illustrated in the lower left plot in

2.
Because the suppression of the pp → Z/γ * + X relies on a tight cut on M HJ as opposed to a stringent central jet veto, the requirements on sub-leading central jets are substantially looser. This renders the analysis more robust against the presence of additional jets produced by the underlying event and pile-up.
3.
Because of the requirement P T H > 100 GeV and the presence of a very large P T jet, the invariant mass resolution improves by 30% with respect to that obtained with the event selection suggested in [19, 20] . This is mainly due to the improvement in the resolution in the missing transverse momentum. Table 2 gives the effective cross-sections after the application of successive cuts in the event selection outlined in Section 4. Results are given in fb for the signal processes Table 2 : Effective cross-sections (in fb) for signal (M H = 120 GeV/c 2 ) and background processes after the applications of cuts a-g specified in Section 4. The effective crosssections in a mass window 110 < M τ τ < 150 GeV are reported in the last row. The three columns for the process pp → Z/γ * + X, correspond to the contribution from QCD Z/γ * → τ + τ − , Z/γ * → e + e − , µ + µ − and Electro-Weak pp → Zjj production, respectively.
Results and Conclusions
with M H = 120 and the two major background processes considered here. Results are also given after the application of a mass window 110 < M τ τ < 150
GeV. An excellent signal-to-background ratio of about 1 can be achieved. This is further illustrated in Figure 4 , which displays the distribution of M τ τ (in fb/7 GeV) after the application of cuts a-g given in Section 4. The solid line corresponds to the total contribution of signal and background processes. The dotted and dotted-dashed lines correspond to the total background contribution and the contribution from pp → tt + X alone, respectively. The contribution from pp → Z/γ * + X with Z/γ * → e + e − , µ + µ − is negligible in the mass window. The contribution of pp → Zjj from diagrams with weak bosons in the internal lines contributed to about 20% of the effective cross-section for pp → Z/γ * + X in the mass window. Figure 4 illustrates the different shapes of the M τ τ distributions for the two major backgrounds. While the contribution from pp → tt+X is relatively flat, the contribution from pp → Z/γ * + X displays a steep behavior, which is a combination of resolution effects and the presence of large mass Z/γ * production.
It is evident from Figure 4 that a good control of the shape of the M τ τ distribution is crucial for establishing a compelling deviation from a purely background hypothesis. For the purpose of detailed studies of background estimation, two different event selections with little overlap were defined to address the two main backgrounds. The background normalization and shape of the M τ τ can be studied in these control samples and then extrapolated to the region of the phase space under study, as suggested in [37] . It has been demonstrated that by means of an analysis based on LO Matrix Elements the normalization of top backgrounds in H → W + W − → l + l − / p t searches at the LHC can be determined with an accuracy of better than 10% [37] . The control sample to study pp → Z/γ * + X includes all cuts presented in Section 4 except for requiring that the tagging jet be very central, |η| < 1, and a change in cut g, where 250 < M HJ < 400 GeV is used instead. As for the control sample to study pp → tt + X, the requirement of a b-jet veto is removed from cut a, in cut e the tagging jet is requited to be central, |η| < 2.5, and no veto on additional jets is applied. In addition, the transverse momentum of the system made by the Higgs candidate and the tagging jet is required to be larger than 100 GeV. Table 3 displays the contribution from signal and background processes after the application of these two event selections. Both event selections provide relatively clean environments to study the corresponding backgrounds. With 30 fb −1 of integrated luminosity the background normalization will be understood to better than 10%.
The expected signal significance was calculated using a likelihood technique [38, 39] . Table 4 shows the expected signal significance as a function of the Higgs mass with 30 fb −1 of integrated luminosity (for one experiment only). A 10% systematic error on the background estimation has been assumed. Table 4 : Expected signal significance for H → τ + τ − → l + l − / p t associated with one high P T jet as a function of the Higgs mass with 30 fb −1 of integrated luminosity (one experiment only). A 10% systematic error on the background estimation has been assumed. Results are given for the cut and NN based analyses.
The feasibility of searches for Minimal Super-Symmetric Higgs at the LHC with this final state needs to be investigated. It is worth noting that the approach presented in this work can be applied to other Higgs decays [40] . Generally speaking, this approach can be applied in searches of particles produced via the t-channel exchange of weak bosons. 
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